An estimated 165 million children are stunted due to the combined effects of poor nutrition, repeated infection and inadequate psychosocial stimulation. The complementary feeding period, generally corresponding to age 6-24 months, represents an important period of sensitivity to stunting with lifelong, possibly irrevocable consequences. Interventions to improve complementary feeding practices or the nutritional quality of complementary foods must take into consideration the contextual as well as proximal determinants of stunting. This review presents a conceptual framework that highlights the role of complementary feeding within the layers of contextual and causal factors that lead to stunted growth and development and the resulting short-and long-term consequences. Contextual factors are organized into the following groups: political economy; health and health care systems; education; society and culture; agriculture and food systems; and water, sanitation and environment. We argue that these community and societal conditions underlie infant and young child feeding practices, which are a central pillar to healthy growth and development, and can serve to either impede or enable progress. Effectiveness studies with a strong process evaluation component are needed to identify transdisciplinary solutions. Programme and policy interventions aimed at preventing stunting should be informed by careful assessment of these factors at all levels.
Introduction
Healthy growth is a term that has gained currency in tandem with the policy shift from the previous predominant concern with reducing underweight to one focused on reducing impaired linear growth (stunting) (Piwoz et al. 2012) . The term may also encompass the absence of excessive weight gain or obesity. For the purposes of this review, however, we will focus on linear growth. Linear growth in early childhood is considered as a marker of healthy growth given its association with risk of short-term morbidity and mortality, non-communicable diseases in later life, and learning capacity and productivity (Black et al. 2013) . It also is closely linked with child development in several domains including cognitive, language and sensory-motor capacities (McDonald et al. 2013 ). An adequate supply of nutrients, the prevention of infections, and opportunities for social interaction, play and stimulation are among the factors that contribute positively to the achievement of a child's full potential for growth and development.
Linear growth faltering occurs when a child is not growing in length or height in accordance with his/her potential. A child is considered to be stunted when his/her length/height-for-age falls below −2 standard deviations (SDs) of the World Health Organization (WHO) child growth standard median (WHO Multicentre Growth Reference Study Group 2006) . However, many children with length-for-age above −2 SD have experienced some degree of linear growth faltering.This process is thought to begin prior to birth. Maternal undernutrition, along with maternal stunting (often due to past undernutrition), infections and other forms of deprivation, contributes to intrauterine growth restriction (IUGR) . A recent analysis of Demographic and Health Surveys (DHS) data from 54 developing countries has shown that the average newborn's length-for-age is close to −0.5 SD of the WHO growth standard (reflecting IUGR) and declines to almost −2 SD by the end of the second year (Victora et al. 2010) .
Although stunted growth has been described as a risk factor to child development (Walker et al. 2007a) , both are in fact outcomes of the same biological and psychosocial deprivation, with long-term effects on physical stature and the brain's structural and functional capacity (Grantham-McGregor et al. 2007) . Impaired development in association with stunted growth has been detected in infants from as early as age 7 months (Abubakar et al. 2010) and persisting into later childhood and adolescence (Walker et al. 2007b) . Nutrient deficiencies can affect neuroanatomy, neurochemistry and neurophysiology, with potentially long-term changes in form and function occurring if the deficiency changes the trajectory of brain development beyond a period when repair can occur (Georgieff 2007) .
Complementary feeding within a broader framework to address stunting
As mentioned previously, stunting often begins very early in life, typically in utero, and generally continues during the first two post-natal years. Most of the decline in length-for-age occurs during the complementary feeding period, between 6 and 24 months of age (Dewey & Huffman 2009; Victora et al. 2010) . Indeed poor complementary feeding has been identified as a risk factor associated directly with stunting (Bhutta et al. 2013) . Dewey & Huffman (2009) estimated that the cumulative difference in stature between Malawian children and the WHO growth standard median was 10 cm by age 3 years. Of this, 20% was already present at birth, 20% was added in the first 6 months, 50% occurred at 6-24 months and the remaining 10% in the third year. The 6-24 months age period is important because as the child is introduced to foods other than breast milk and becomes increasingly more independent and mobile, the environmental factors influencing growth and development multiply.
The WHO conceptual framework on Childhood Stunting: Context, Causes and Consequences presented in this paper ( Fig. 1 ) builds on the UNICEF framework on causes of malnutrition (UNICEF 1990) . Numerous other adaptations of the UNICEF framework have been developed over the years, most notably by the Lancet Maternal and Child Nutrition Series (Black et al. 2008 (Black et al. , 2013 , to serve a variety of purposes. In the present adaptation, stunted growth and development are coupled at the core of the framework in recognition of the fact that they share common causes and the highly sensitive period
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from −9 to 24 months. Strategies that promote and protect healthy growth are likely to benefit children's physical, mental, socio-emotional, and intellectual growth and development. This framework is timely, given the recognized need to strengthen the complementary feeding component of infant and young child feeding (IYCF) programmes (Piwoz et al. 2003; Daelmans et al. 2009) . However, complementary feeding cannot be addressed in isolation from the promotion of exclusive breastfeeding during the first 6 months (critical for survival and the foundation of healthy growth in early infancy) and continued breastfeeding (to age 2 years or beyond). Considerable progress has been made towards development and implementation of policies and programmes designed to protect, promote and support breastfeeding over the past several decades (WHO et al. 2008; WHO & UNICEF 2009) , though much remains to be done. By contrast, attention to complementary feeding practices lagged behind, in part because indicators for measuring such practices were not in place until 2008 (WHO 2008 and the scientific basis for efficacy and effectiveness of various strategies to improve complementary feeding was limited (Dewey & Adu-Afarwuah 2008) . Complementary feeding is a complex set of behaviours, comprising timing of introduction, food choices and dietary diversity, preparation methods, quantity, feeding frequency, responsiveness to infant cues, and safe preparation and storage of foods. Each behaviour may have context-specific barriers, making recommendations for changes in behaviour difficult to apply as a 'one package fits all' model. feeding are delineated in the conceptual framework, to highlight how they might contribute to stunted growth.
The household and family factors identified in the causes category include maternal factors during pregnancy or prior to pregnancy that may exert a trans-generational influence on offspring growth and development. Factors described within the home environment domain expand on care as depicted in one adaptation of the UNICEF framework (Engle et al. 1997 ). The home environment should ideally provide a clean, safe and stimulating environment to adequately nurture the mother and child.
The contextual layer (community and societal factors) is analogous to, but expands on the underlying and basic causes of malnutrition illustrated in the UNICEF framework. The sectors involved in the contextual factors shown in the WHO framework are home to the stakeholders responsible for the nutrition-sensitive programmes mentioned in the Scaling Up Nutrition (SUN) movement's framework for action (Scaling Up Nutrition 2011) and by Black et al. (2013) . Here, however, sub-elements within each contextual category are itemized and can thus inform context-specific considerations when developing or evaluating nutrition-sensitive strategies for stunting reduction.
The importance of various underlying causes of stunting is influenced by different contextual factors. This implies that for programmes to be effective in preventing or reducing stunting, they should reach across disciplinary boundaries (Piwoz et al. 2012) . This is referred to as transdisciplinarity (Dubé et al. 2012) , the integrative process whereby novel conceptual and methodological approaches extend beyond discipline-specific perspectives and theories to produce innovative solutions (Haire-Joshu & McBride 2013) . The transdisciplinary notions of vertical (cells to society) and horizontal (health, agriculture, economics, etc.) integration should be applied for problem solving during the complementary feeding period and thus are reflected in our framework. The paper by Casanovas et al. in this Supplement discusses the importance of a multisectoral approach that should achieve such transdisciplinarity (Casanovas et al. 2013) , and the one by Pelletier et al. demonstrates how the framework might be applied to influence positive change (Pelletier et al. 2013) . In this paper the different contextual factors will be considered with specific reference to their possible influence on complementary feeding and thereby, stunting. This is of interest to policy makers and programme managers seeking to strengthen the complementary feeding component of IYCF or to capitalize on its interactive links with household/contextual factors that could enhance the success of nutrition-sensitive programmes aiming to reduce stunting.
Consequences of stunted growth and development
There is strong evidence that stunting has both immediate and long-term consequences on health and development. A thorough review of this topic is beyond the scope of this paper which will summarize a few key issues only, but the reader is referred to a number of comprehensive reviews on this topic (Stein et al. 2005; Black et al. 2008; Victora et al. 2008; Dewey & Begum 2011) . For some outcomes, particularly reproductive health outcomes among women, stunting is a direct risk factor. For other outcomes such as susceptibility to infection, poor schooling, reduced intellectual performance and economic productivity, stunted growth is reflective of and highly correlated with other underlying biologic processes that are likely to be more directly involved in the causal pathway.
Concurrent problems and short-term consequences
Poor nutrition and frequent infection feedback upon each other, leading to a 'vicious cycle' (Scrimshaw et al. 1968; Brown 2003; Solomons 2007 ) that might be more aptly described as a downward spiral of worsening nutritional status and increasing susceptibility to infection. Infection impairs nutritional status through reduced appetite, impaired intestinal absorption, increased catabolism, and direction of nutrients away from growth and towards immune response. In turn, malnutrition increases the risk of infection by its negative impact on the epithelial barrier function and altered immune response (Brown 2003) . Concurrent developmental problems and short-term consequences consist of poorer psychomotor and mental development (Abubakar et al. 2010; McDonald et al. 2013) , while the economic consequences relate to health expenditures and the opportunity costs incurred in caring for sick children. At the immediate level, stunting is associated with infectious diseases that increase household expenditures for the care of a sick child. Although the data on this are sparse, one study from Nepal estimated this to be as large as 4% of per capita annual household expenditures (Pokhrel & Sauerborn 2004 ).
Long-term consequences
Individuals who are stunted at 2 years of age are likely to grow up to be stunted adults (Adair et al. 2013 ). There may be some opportunity for catch-up growth during childhood, either due to improved nutrition or through a delay in skeletal maturation and the pubertal growth spurt that results in a longer overall period for growth in height (Coly et al. 2006; Prentice et al. 2013) . Using pooled data from five birth cohorts in Brazil, Guatemala, India, the Philippines, and South Africa, Adair et al. found that a 1 SD lower height-for-age at 2 years was associated with 3.2 cm lower adult height while a 1 SD lower height-for-age during mid-childhood was associated with a 1.9 cm lower adult height (Adair et al. 2013) . Additionally, these authors estimated that a 1 SD increase in height at age 2 years was associated with a 77% reduction in short adult stature (OR 0.23, 95% CI 0.20, 0.25) (Adair et al. 2013) .
Among women, shorter adult stature has important implications for pregnancy outcomes. Maternal stunting (<145 cm) is a consistent risk factor for perinatal mortality (Lawn et al. 2005) , likely due to an increased risk of obstructed labour and asphyxia at birth. In Nepal, for example, stunted mothers had a 50% increased risk of having a baby with symptoms of birth asphyxia, and larger babies (median 3.3 kg) born to stunted mothers had a near fourfold risk of asphyxia compared with babies of median weight (2.6 kg) born to non-stunted mothers (Lee et al. 2009) . A pooled analysis of data from 109 DHS datasets concluded that children born to stunted women had a nearly 60% increased risk of neonatal mortality compared with those born to women 160 cm or taller (Ozaltin et al. 2010) .
Stunting may have effects also on adult health and chronic disease risk (Uauy et al. 2008) . Studies of infants born with low birthweight have demonstrated consistent associations with elevated blood pressure, renal dysfunction and altered glucose metabolism (Huxley et al. 2000; Whincup et al. 2008) . The evidence linking stunting with obesity risk or altered energy expenditure has been mixed (Stettler 2007; Wilson et al. 2012; Adair et al. 2013) . While it is unclear whether stunting may be a risk factor for obesity per se, rapid weight gain, particularly after the age of 2-3 years among individuals born small at birth, is thought to lead to a particularly high risk of chronic disease in later life (Gluckman et al. 2007) .
Shorter adult stature has been linked to poorer schooling and economic productivity (Martorell 1996) . Data from the COHORTS study showed that controlling for socio-economic status, gender and maternal education, adults who at age 2 were stunted completed nearly 1 year less of schooling compared with non-stunted individuals (Martorell et al. 2010) . In other analyses, a 1 SD increase in height at age 2 years was associated with a 24% reduced risk of noncompletion of secondary school (Adair et al. 2013) . Stunting has important economic consequences at the individual, household and community level, described in more detail in the paper by Hoddinott et al. in this Supplement . It has been estimated that stunted children earn 20% less as adults (Grantham-McGregor et al. 2007 ) compared with non-stunted individuals. In World Bank estimates, a 1% loss in adult height due to childhood stunting is associated with a 1.4% loss in economic productivity (World Bank 2006) .
Stunted development due to deficiencies of certain micronutrients, such as iodine and iron, can have longterm and irreversible effects on neural and cognitive development (Lozoff et al. 2006; Georgieff 2007; Beard 2008; Lukowski et al. 2010; Zimmermann 2012) , even if growth is not affected. Both iron and iodine are classified as 'type 1' nutrients, those that while essential and important for many biologic functions, are not thought to contribute to growth faltering unless deficiencies are severe (Golden 1995) . This is important because population-level interventions designed to correct iron or iodine deficiency are unlikely to impact the height-for-age indicator, yet have potential to impact neurodevelopmental outcomes, which are more difficult to measure (Fernald et al. 2009 ).
Causes of stunted growth and development
The most proximal factors contributing to stunted growth and development include household and family factors, inadequate complementary feeding, inadequate breastfeeding practices, and infection. These exposures appear individually in the framework, but in reality, they overlap and interact to compromise growth and development. The framework includes factors with the potential to be modified. Genetic factors, which are more static, are not listed despite their important contribution to growth and development. However, it is acknowledged that the environmental determinants operate in tandem with genetics through epigenetic mechanisms and longerterm selection processes (Wells & Stock 2011) .
Household and family factors
Periconceptional conditions including the prepregnancy nutritional status of the mother, as well as her energy and nutrient intake, influence the early processes of growth and development (Gluckman & Pinal 2003) . The maternal milieu sets physical and biological limits for offspring growth, but may also be signalling an unhealthy environment that adjusts growth trajectories and later reproductive viability (Kuzawa 2007) . In addition to nutrition, other maternal factors play a role in determining offspring growth and development. Maternal infection related to malaria, helminths, HIV/AIDS and other conditions may lead to IUGR and later stunted growth in the infant (Luxemburger et al. 2001; Crompton & Nesheim 2002; Kuzawa et al. 2012) . Adolescent pregnancy interferes with nutrient availability to the foetus due to the competing demands of ongoing maternal growth (Prakash et al. 2011 ). Short birth spacing increases the risk for depleted maternal reserves in subsequent pregnancies, with negative consequences for both mother and child (Dewey & Cohen 2007) . Hypertension during pregnancy may also lead to adverse nutrition outcomes for the offspring (Thangaratinam et al. 2012) . Recent studies have explored the impact of maternal mental health on child growth and development, with mixed findings (Harpham et al. 2005; Surkan et al. 2011; Vazir et al. 2013) .
Within the home environment, several economic and caring determinants are associated with stunted growth. Some of these factors relate closely to context, but have been included here to highlight the importance of addressing modifiable household factors. Low caregiver education shows a strong and consistent relationship with poor child nutrition outcomes, and likely drives other caring practices associated with stunted development and growth (Semba et al. 2008; Imdad et al. 2011) . Dietary intake may be affected by caregiver neglect or absence. Inadequate child stimulation and activity can interact with poor nutrition to impede development through multiple pathways. Household poverty may lead to food insecurity (Hong 2007) , and more specifically micronutrient deficiencies arising from poor quality diets (Iannotti et al. 2012) . Food may be available in the household but allocated preferentially to certain members, with harmful implications for vulnerable age/gender groups.
Inadequate complementary feeding
At the centre of the conceptual framework, three aspects of complementary feeding have been delineated to represent its contribution to stunted growth and development. Poor quality foods is the first category of determinants negatively impacting infant and young child growth. Inadequacies in micronutrient nutrition may arise from low dietary diversity (Onyango et al. 1998; Arimond & Ruel 2004) , limited or no intake of animal source foods (Marquis et al. 1997; Bwibo & Neumann 2003; Krebs 2007) , and high anti-nutrient content such as phytates and polyphenols in the plant-based diets of many poor populations (Gibson et al. 2010; Roos et al. 2013) . The second category is inadequate practices. These include infrequent feeding, excessively dilute feeds with low energy density, inadequate feeding during illness, providing insufficient quantities of food and non-responsive feeding (Umeta et al. 2003; Dewey & Adu-Afarwuah 2008; Islam et al. 2008; Aboud & Akhter 2011) .
The third category, food and water safety, relates primarily to the infection pathway to stunted growth, but may also contribute through inorganic contaminants and environmental pollutants (Weisstaub & Uauy 2012 ). Household-level hygiene practices such as hand washing, safe water source and storage, and sanitation conditions affect the risk of diarrhoea and other morbidities interfering with growth (Checkley et al. 2004; Fink et al. 2011) . Complementary foods may be stored in open or contaminated containers or left at temperatures supporting microbial growth (Black et al. 1982; Kimmons et al. 1999) . Food preparation techniques such as inadequate cleaning or cooking time can also increase the risk of contamination. Recently there has been renewed interest in the role of mycotoxins, such as aflatoxin, in child growth faltering (Khlangwiset et al. 2011; Smith et al. 2012) . Exposure to these toxins occurs particularly via maize and groundnuts contaminated with fungi during production, storage or food processing. Two studies from West Africa have reported a dose-response association between serum aflatoxin and height-for-age z-score (Gong et al. 2002 (Gong et al. , 2004 . Smith et al. have pro- posed that gut inflammation may be one mechanism linking mycotoxin exposure to poor child growth (Smith et al. 2012) .
Barriers to changing many of the practices just described may exist at many levels and will vary by context. Behaviour change messages in the absence of consideration of these barriers may have limited success in changing practices. For example, infrequent feeding may be due to caregiver time constraints. Dilute feeds may be fed due to fears of infant choking. Inadequate feeding during illness may be due to a loss of appetite and food refusals by the infant. Non-responsive feeding patterns may arise from misinterpretations of infant cues. Unsafe preparation and storage of foods may arise from inadequate access to electricity for refrigeration, poor access to cooking fuel for proper re-heating of meals or difficulty in accessing sufficient quantities of safe water for proper hygiene practices. Dietary diversity may be limited by access and affordability of higherquality foods. In households where both the mother and father work outside of the home, reliance upon other family members and oftentimes older children within the home may limit caregivers' abilities to carry out their infant feeding intentions.
Inadequate breastfeeding
After birth, breastfeeding practices have an immediate effect on newborn health. Delayed initiation of breastfeeding, not breastfeeding and non-exclusive breastfeeding all increase the risk of morbidity (Black et al. 2008; Kramer & Kakuma 2012) , which may compromise growth in disadvantaged populations (Engebretsen et al. 2008) . Early cessation of breastfeeding can also lead to stunted growth and development through multiple pathways including inadequate energy intake, nutrient deficiencies and removal of passive immunity provided by human milk (Onyango et al. 1999; Simondon et al. 2001; Arpadi et al. 2009 ).
Infections
Infection can be a critical proximal cause of both stunted growth and development (Adair & Guilkey 1997; Berkman et al. 2002) . Diarrhoeal disease, respiratory illnesses, malaria, fever and helminth infection are known determinants acting variously through inflammation and nutrient diversion, sequestration or loss (Guerrant et al. 1992; Checkley et al. 2003; Wamani et al. 2006; Hall et al. 2008) . Checkley et al. have estimated that 25% of the burden of stunting could be attributed to five or more episodes of diarrhoea occurring prior to the age of 2 years (Checkley et al. 2008) . Severe infectious disease can lead to wasting (low weight-for-height), which may have longer-term consequences on linear growth, particularly if there is insufficient food availability to recover after a bout of infection (Black et al. 2013) . Subclinical infection is also a likely contributor to poor growth and development. Though it occurs without outward cues, it may cause chronic, sustained insults to growth and development over time (Checkley et al. 1998; Campbell et al. 2003; Dewey & Mayers 2011) . Environmental enteropathy is one example of a subclinical condition in which repeated exposure to pathogenic microorganisms leads to abnormalities in the structure and function of the small intestine. This condition, first described over 40 years ago as an enteropathy found among individuals living in tropical regions (Schenk et al. 1968; Lindenbaum et al. 1971) , is characterized by villous atrophy, crypt hyperplasia, infiltration of the lamina propria by inflammatory T-cells and increased permeability to enteric pathogens (Lunn et al. 1991) . In studies from The Gambia, children experienced altered intestinal permeability, an indicator of environmental enteropathy, on 76% of observed days. This factor explained 43% variability in linear growth over a 9-month period and corresponded directly with the peak period of linear growth faltering (Lunn 2000) . Studies of children with altered intestinal permeability have suggested poorer absorption of zinc (Manary et al. 2010 ) and vitamin A (Chen et al. 2003 ). An emerging area of research is focused on understanding how the bacterial communities in the gut contribute to undernutrition in children (Gordon et al. 2012) . While a relationship to acute malnutrition has been demonstrated (Smith et al. 2013) , there is not yet evidence of an association between differences in the gut microbiota and child stunting.
Contextualising stunted growth and development
Recognising that direct nutrition interventions alone are often inadequate to prevent stunting, the concept of nutrition-sensitive development has been incorporated in global advocacy for reducing malnutrition. In addition to supporting the scale-up of direct nutrition interventions to prevent and treat undernutrition, the SUN framework for action is driven by multisectoral platforms promoting nutrition-sensitive strategies in agriculture, education, health and social protection (Scaling Up Nutrition 2011). The Framework for Actions to Achieve Optimum Fetal and Child Nutrition and Development (Black et al. 2013) , also inspired by the UNICEF framework, details nutrition-specific interventions and programmes that should target direct causes of malnutrition. It also outlines nutrition-sensitive programmes and approaches to address underlying causes, and actions related to use of knowledge and evidence, politics, governance and leadership to ensure the success of programmes.
Taking into account these contextual factors when designing programmes and their evaluation may increase the likelihood of success in reducing stunting. Evidence for the role of contextual factors is relatively limited compared with individual and household-level determinants of stunting, in part because of an inherent attribution problem associated with studies examining community and societal factors. In this section, we attempt to trace more explicitly the relationships between the contextual factors and stunted growth and development during the complementary feeding period. Better characterisation of the pathways to maternal and household factors may in turn lead to more effective programming and policy.
Political economy
Government and other power structures influencing economic policies, markets and services play a major role with regard to food insecurity and undernutrition in populations (Maxwell 1999; Milman et al. 2005; Petrou & Kupek 2010) . Macro-and micro-economic conditions, closely linked to politics, similarly play influential roles in young child nutrition (World Bank 2006) . Economic shocks such as the recent food price and financial crises have been examined in relation to household nutrition (Sari et al. 2010; Iannotti et al. 2012) . Food prices were found to increase the probability of zinc and folate intake inadequacies, while reductions in income were associated with vitamin A and B12 intake inadequacies, disproportionately affecting poorer households (Iannotti et al. 2012) . 'Luxury' foods with higher price-nutrient and income-nutrient elasticities also tend to be the nutrient-rich complementary foods such as meat, fish, eggs and milk.
The bi-directional pathway between poverty and undernutrition is well known. Disparities in stunting prevalence by wealth strata reflect this relationship (Black et al. 2013 ), as do country-level trend data on changes in gross domestic product in relation to child malnutrition prevalence (Deaton 2010) . However, evidence linking poverty alleviation interventions to nutrition outcomes is limited, coming largely from pilot studies or reviews of cash transfer (conditional and unconditional) types of programmes (Leroy et al. 2009 ). These social protection programmes have demonstrated a positive impact on poverty reduction, but effects on linear growth have been minimal (Manley et al. 2012; Ruel et al. 2013) . Employment and livelihoods, access to financial services, and income and wealth are other factors under the category of political economy interacting to enable household access to higher-quality foods, health care, and other more proximal determinants of growth and development.
More directly related to nutrition within the political sphere are international and national policies such as national plans of action for nutrition or regulatory policies protecting IYCF. The Code of Marketing of Breast-milk Substitutes and food safety regulations in compliance with Codex Alimentarus are important instruments for regulating two aspects of IYCF. Appropriate marketing of complementary food requires an adequate regulatory framework (Bruyeron et al. 2010; Sun et al. 2011) . Concerns about inappropriate marketing of complementary foods that could interfere with breastfeeding or encourage consumption of nutritionally inadequate foods illustrate the need for clear guidance (Soekarjo & Zehner 2011; Sweet et al. 2013) . In May 2010, the World Health Assembly (WHA) noted that 'promotion of breast-milk substitutes and some commercial foods for infants and young children undermines progress in optimal infant and young child feeding' and called on Member States to 'end inappropriate promotion of food for infants and young children'. This was followed by a WHA request to WHO to 'provide clarification and guidance' on inappropriate promotion (World Health Assembly 2012), a task that the Organization is currently undertaking. Issues under consideration include the need to provide nutritionally adequate diets for children in food-insecure populations, the potential risk of displacing breast milk and locally available nutritious foods by commercial products, and the need to protect children from feeding practices that could increase risk of overweight. Additional policy guidance will be required on how to proceed with complementary feeding products proven efficacious in research trials with potential for scale-up.
For caregivers to be able to act on recommendations about healthy complementary food choices, they need to have confidence that products available in the market are safe and that health claims on labels and advertisements are accurate. Community infrastructure constraints, such as inadequate access to electricity or piped water and lack of paved roads that facilitate transportation to markets, all may serve as barriers to caregivers to act on complementary feeding practice recommendations. Thus, this contextual domain cuts across many of the proximal causal factors in the framework.
Health and health care
The health care system underlies multiple causal factors in the pathway to child growth and development, and is also responsible for screening and identification of inadequate growth and development. Because caregivers generally trust the guidance given by health professionals regarding their children's care and feeding, preventive and treatment services can converge to assure healthy growth and development. A community trial in Peru has demonstrated the important roles that health facility staff can play in improving child feeding practices (Penny et al. 2005) . In many countries, community-based maternal and child health clinics, child health days, and lay community health workers are common delivery platforms for nutrition-specific interventions (Bhutta et al. 2013) . However, overburdened health systems with too few trained providers are likely to lead to too little time spent on counselling on appropriate feeding practices. Further, although stunting has been flagged as a problem, its assessment remains a challenge for many countries due to lack of skills and time to assess linear growth (de Onis et al. 2012 ) and link assessment with counseling on appropriate complementary feeding. Finally, within this domain, it is important to consider the general health status of potential caregivers. In particular, conditions such as HIV/AIDS, chronic disease and mental health disorders will influence their capacity to care for their young children (Lartey et al. 2012; McDonald et al. 2012) , potentially constraining household resources for the purchase of higher-quality foods and hindering the ability of caregivers to follow infant feeding practice recommendations.
Education
Caregiver education is an important predictor of child health and nutritional outcomes. It has been estimated that improved female education was responsible for nearly 43% of the total reduction in undernutrition between 1971 and 1995 (Smith & Haddad 2000) . A number of pathways have been proposed through which parental education may affect child health (Glewwe 1999; Frost et al. 2005 ). With regard to complementary feeding specifically, higher educational attainment can improve caregivers' ability to understand and respond to nutrition behaviour change messages, to be more receptive to alternative food preparation methods or recipes, and to read and interpret food labels correctly.
A number of efficacy and effectiveness trials have focused on improving caregiver knowledge about complementary feeding as a means to improve child growth and nutrition. Interventions designed to improve education on optimal complementary feeding practices have been associated with reductions in stunting and improved linear growth (Bhutta et al. 2013) . In locations where access to high-quality food is sufficient, improved knowledge or skills building may be an important route to improving complementary feeding practices. Two studies of education alone that had a large impact on height-for-age were conducted in Peru (Penny et al. 2005) and China (Guldan et al. 2000) . Both contexts were considered to be food secure, with access to affordable, highquality foods.
A lack of education and training opportunities for frontline health care workers can contribute to poor child growth. WHO estimates that there is a shortage of as many as 4.2 million trained health care workers in developing countries (WHO 2006) .
Society and culture
In complementary feeding interventions, often the quality and quantity of food are thoughtfully considered.Yet other dimensions of feeding, such as how the food is fed, when and where it is fed, and who feeds the child are also important (Pelto et al. 2003) . Cultural beliefs, knowledge and perceptions influence food behaviours to varying degrees (Kuhnlein & Pelto 1997 ). Deeply held beliefs may exist about the types of foods or preparation methods that are healthy or unhealthy for young children, when and what types of complementary foods should be first introduced, who can and should feed young children, how to feed children when they are sick, how to feed a child who does not want to eat, or how food will help a baby sleep or not (Dettwyler 1986; Paul et al. 2011) . These beliefs are heavily influenced by the individuals who surround the primary caregiver -husbands, mothers-in-law, grandmothers, other family or neighbors within the community, and the health care providers upon whom the caregivers depend for help and support (McLorg & Bryant 1989; Kerr et al. 2008; Fouts & Brookshire 2009 ). Further, older siblings, family members or childcare facilities may play a role in feeding especially when the primary caregiver works outside the home.
The capacity of caregivers to respond to infant feeding recommendations will also depend on their ability to make decisions about infant feeding, seeking health care and use of household resources (Shroff et al. 2009 ). Men may serve as caregivers and may also directly or indirectly contribute to complementary feeding decision making through their control over household finances and choices over food purchases (Alive & Thrive 2010) or through decisions about allocation of foods to family members (Kuhnlein & Pelto 1997) . Because women are usually the primary caregivers, female empowerment may be an important contextual factor underlying healthy child growth and development. Involvement of other members of the mother's social support network in complementary feeding programming therefore should be considered (Aubel et al. 2004; Affleck & Pelto 2012) .
Food recipes and flavour preferences are heavily culturally rooted. The complementary feeding period is a time during which the infant is learning about foods and flavour combinations common to their families and cultural groups (Uvere & Ene-Obong 2013) . Repeated exposure to a variety of foods facilitates acceptance, establishes food preferences and makes it more likely that the child will consume those foods in later life (Mannella & Trabulsi 2012) . Thus, promoting a varied diet in infancy is likely to establish lifelong healthier eating patterns. However, in resource-constrained settings, caregivers may worry that providing higher-cost foods such as meat or eggs to young children may lead them to develop unrealistic food preferences that cannot be sustained within the household budget (Colecraft et al. 2006) .
Health and nutrition communication and behaviour change interventions intended to improve complementary feeding practices or influence the choice of high-quality foods need to be designed with these cultural considerations in mind. Popular media can be powerful allies (or barriers) in public education, engagement of the wider public and social mobilisation around complementary feeding.
Agriculture and food systems
The agriculture sector encompasses food and cash crop cultivation and livestock production. It interacts with other contextual conditions such as the environment and political economy to drive food availability and access. Food systems similarly underlie nutritional outcomes through food processing, markets and food safety pathways. Numerous reviews have compiled the evidence examining the relationships between agriculture, food systems and nutrition, though few have focused on impact pathways during the complementary feeding period (Berti et al. 2004; Randolph et al. 2007; World Bank 2007; Girard et al. 2012; Hoddinott et al. 2012; Masset et al. 2012) . The consensus across reviews is that the studies are highly heterogeneous and lack methodological rigour. There are some suggested features for agriculture programming to better ensure positive child growth outcomes: explicit nutrition objectives; behaviour change communication strategies; and access by women to credit, extension services and other inputs (Berti et al. 2004; Masset et al. 2012) .
Trends towards mono-cropping and heavy dependency on grains worldwide may be contributing to a lack of dietary diversity and consequent micronutrient deficiencies. In recent years, efforts have been directed at the agriculture sector to produce higher-quality foods. Orange-flesh sweet potatoes introduced in Mozambique were shown to improve vitamin A status (Low et al. 2007) . Biofortification of plants with micronutrients is another strategy with potential to improve food quality, but evidence is limited in terms of the downstream impacts on child growth (Ruel et al. 2013) . Other efforts are under way to promote sustainable diets, with consideration to biodiversity and use of indigenous foods, which may in turn lead to dietary diversification and improved infant and young child nutrition (IYCN) (Burlingame & Dernini 2011) .
Another promising area of agriculture with high potential for impacts on growth and development in young children is small livestock development. Milk and eggs are nutrient-rich complementary foods with some evidence for effects on IYCN (Iannotti et al. 2013) . Poorer households in both rural and urban areas can feasibly raise poultry or goats with relatively low inputs. Other animal source foods produced through small enterprise development or available from wild sources, such as fish (Roos et al. 2007) or insects (van Huis et al. 2013; Kinyuru et al. 2013) , may similarly provide critical nutrients to young children. Thus, there are many potential linkages between the agricultural sector and complementary feeding, primarily through access and availability to high-quality foods. Yet increased access may be insufficient if not paired with a behaviour change component that works to ensure that highquality foods are fed to young children. Yet there is a clear need to generate higher-quality evidence on the linkages to reduction of stunting from the agriculture sector.
Water, sanitation, and environment
Environmental determinants of infection, inflammation and undernutrition are important underlying factors contributing to unhealthy growth and development. Contaminated water and poor sanitation have been estimated to cause 5.4 billion cases of diarrhoea and 1.6 million deaths per year (Hutton & Haller 2004 ). Humphrey has speculated that the provision of toilets, improvements in hand washing practices and improvements in water quality are important tools to prevent environmental enteropathy and thereby reduce the risk of stunting (Humphrey 2009 ). Indeed, recent cross-country comparisons of DHS data have suggested that open defecation can account for a large proportion of the gradient in child height, even after accounting for socio-economic and other potentially confounding differences (Spears 2013) . Fecal pollution in developing countries is pervasive (Kimani-Murage & Ngindu 2007; Knappett et al. 2011) . Environmental contamination is of direct import for infants and toddlers learning to feed themselves. Contamination of floors and the ground surrounding the house are particularly important to young children exploring their environments through crawling, early walking and by putting objects in their mouths. Proper disposal of faeces, removal of animal waste and hand hygiene are all critical during this sensitive age period. Insufficient access to safe water may serve as an important barrier to appropriate hygiene practices and safe preparation of complementary foods.
Finally, in considering the environment broadly, other factors such as population density (Spears 2013) , degree of urbanisation and climate change (UNSCN 2010) are also important contextual factors that may contribute to worsening rates of malnutrition.
Conclusions
Since the release of the Lancet Series on Maternal and Child Nutrition in 2008 (Black et al. 2008 , there has been tremendous momentum to refocus investment in programmes and research on improving maternal and child nutrition during the 'first 1000 days' of life. Indeed, the SUN Movement has served to build this impetus at the country level and among international partners by focusing on delivering programmes with proven efficacy at scale. As described in the paper by de Onis et al. in this Supplement, progress is being made at reducing undernutrition worldwide (de Onis et al. 2013) . Adequate complementary feeding is one of the central pillars supporting healthy growth and development, yet much work is needed to build evidence documenting what works, in which contexts, and why programmes succeed or struggle. For this reason, we propose this conceptual framework to help guide policy and programme planning and evaluation in the arena of IYCF. It is not intended to replace the widely utilised and time-tested UNICEF conceptual framework. Rather, it is intended to focus and highlight the unique considerations, issues and contextual factors important to promoting healthy growth through adequate complementary feeding.
The review supporting this framework demonstrates why well-considered transdisciplinary action is needed. Programmes and policies tend to concentrate in the centre of the framework on proximal causal factors, through IYCF directly and to a lesser extent infection and other household and family factors.The conditions identified under Context in this framework, however, can ultimately act to impede or enable progress. The challenge, as is recognised in the dialogue on nutrition-sensitive development, lies in designing approaches that best leverage positive contextual conditions or creatively circumvent the barriers.
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